The entropy generation rate due to fluid friction in a branch is expressed as Let branch 12 represent the branch for which the shear force is to be calculated. Branches N12 and S12 represent the parallel branches which will be used to calculate the shear force on branch 12. Let YS be the distance between branches 12 and S 12, and let YN be the distance between branches 12 and N12. Let AS be the shearing area between branches 12 and S 12, while AN is the shearing area between branches 12 and N 12.
The shear force on a control volume can be expressed as
The finite volume formulation for shear for the i th branch can be written as: 9 Draft paper for 37 'hAIAA Aerospace Sciences Meeting u cos0iJ ui1 iyj UwaikC°S°w ik ui1
where i is the current branch, np_ is the number of parallel branches to branch i, and ns i is the number of parallel solid walls to branch i.
Transverse
Momentum Transport
The transverse momentum component of Equation 7 can be expressed in terms of a force per unit volume. 
Detailed derivation of equation (9) and (11) appear in GI-'SSP User's manual 7
SOLUTION PROCEDURE
In the sample circuit shown in Figure 1 , pressures and temperatures are to be calculated for the 5 internal nodes; flow rates are to be calculated in the 10 branches. The total 10 Draft paper for 372 AIAA Aerospace Sciences Meeting numberof equations can be evaluated from the following relationship:
Number of equations = Number of internal nodes * Number of scalar transport equations + Number of branches. Therefore, the total number of equations to be solved is 20 (= 5 X 2 + 10). with the other setof equationsare solvedby the successive substitutionmethod. Thus, the computer memory requirement can be significantly reduced while maintaining superior numerical convergencecharacteristics. To improve the convergenceand stability of the numericalscheme, the successive substitutionmethodis usedto provide an initial guessfor pressureand flow rate. Equations2 and 3 are rewritten suchthat pressures andflow ratescanbeestimatedat eachnodeandbranch.
In a typicalunsteadycalculation,the SAASprocedureconsistsof the following steps:
1. At the beginningof a new time step, provide the initial solution of all dependant variablesin the flow domaine. g. pressure, residentmass,densityandentropyat all intemalandboundarynodes,flow ratesat all branches. 2. Begin the outer iteration loop; the purposeof this loop is to calculateentropyand densityat all internalnodesandflow resistance in the branches. and entropy at each internal node. Viscosity is also computed from the thermophysical propertycorrelationfor calculatedpressure andtemperature. 6. Calculateflow resistanceparameter(Kf) of eachbr_mch.Kf is a function of density andviscosity. 7. Calculatethe maximumdifferencein valuesof entropy,densityandflow resistance parameters betweensuccessive iterations. Steps3 to 7 constituteoneiterationcycle. 8. Repeat steps 3 to 7 until the maximum difference is less than the specified convergence criterion.Steps2 to 8 constituteall operations requiredfor onetime step. 9. Repeat steps1to 8 until final time is reached. It took 28 iterations to satisfy the convergence criterion.
COMPUTER PROGRAM
The solutions are shown in Tables 2 and 3. Table 2 shows pressures, temperatures, compressibility factors and density in nodes 2 and 3. It may be noted that water was treated as a compressible fluid and the compressibility factor is very low as expected.
15 Draft paper for 3T h AIAA Aerospace Sciences Meeting Table2. PredictedSolutionof Example1at InternalNodes Table 2 shows Kr, pressure drop, flow rate, velocity, Reynolds number and Mach number in each branch. The predicted flow rate is 191 lbm/sec and the pump is supplying 214 psid pressure rise to meet the system requirement.
The predicted system and pump characteristics are shown in Figure 8 which also provides verification of the predicted operating point shown in Table 3 . The system shown in Figure 9 is modeled by using 9 nodes and 10 branches as shown in The converging-diverging nozzle considered for this example is shown in Figure 11 The fluid system shown in Figure  11 was simulated by seventeen nodes and sixteen At this point and below, the mass flow rate remained constant due to choking of the flow at the nozzle throat. The isentropic flow rate at the choked point was calculated to be 0.303 lbm/sec from the following relation: These predicted values will then be compared with the analytical solution. The physical schematic for Example 8 is shown in Figure  12 (a) and a schematic of the corresponding finite volume model is shown in Figure 12 (b). The venting process can be modeled with two nodes and one branch. Node 1 is an internal node which represents the tank.
Tank

Analytical
Solution:
The differential equation governing an isentropic blow down process can be written as:
This is an initial value problem and the initial conditions are:
x=0, P=l Pi
The analytical solution for p / Pi is given by Moody l0 as:
The analytical and finite volume solutions obtained b3 GFSSP are compared in Figure   13 . Excellent agreement was observed between the two solutions. 
